Growth factors, Platelet Derived Growth Factor (PDGF) and Transforming Growth Factor (TGF)-β, were demonstrated in vertebrate and invertebrate immmunocytes. It is generally known that the growth factors are important in various biological processes, such as the regulation of cell differentiation, development and wound healing. In the present study, the presence of TGF-β1 and PDGF-receptor-α in plasmatocytes and PDGF-AB in granulocytes of a soft tick, Ornithodoros moubata, was confirmed immunohistochemically. The tick midgut might be damaged by intracellular digestion and penetration of protozoa. Therefore, it is considered that PDGF from granulocytes may affect the PDGF-receptor-α in plasmatocytes and TGF-β from plasmatocytes may function to repair the midgut. The results obtained here add to the elucidation of the functions of tick hemocytes.
Ticks are known as vectors of various pathogenic agents that cause diseases with serious impacts on human and domestic animals [2, 10, 11] . Hemocytes of ticks are functionally similar to white blood cells because they have characteristics similar to phagocytes and secretory cells [1, 3, 12] . Therefore, hemocytes are assumed to have important functions in the immunological system of invertebrates [15, 20] .
Growth factor is a general term for polypeptides that accelerate division, development and differentiation of various cells. It is well known that circulating cells (platelet, monocytes and macrophages), resident cells (megakaryocytes, endothelium and smooth muscle), and transformed cells are capable of secreting the platelet-derived growth factor (PDGF) [18] . PDGF is a dimer composed of two highly homologous peptide chains (PDGF-A and -B) that share a 60% identity in their amino acid sequences. Therefore, three different forms of PDGF dimers, PDGF-AA, PDGF-AB and PDGF-BB, exist in vivo [9] . On the other hand, the main sources of the transforming growth factor (TGF)-β are human placenta, human platelets, bovine kidney and porcine platelets [16] . TGF-β is also a dimeric protein with chains that are encoded by three different genes known as TGF-β1, -β2, and -β3 in mammalian cells [21, 22] . These growth factors exert various biological effects by binding to specific and high-affinity receptors located in the plasma membrane of the target cells. Ligand-receptor binding stimulates the activation of signal transduction pathways, resulting in the flow of information from one cell component to the next until the final effector system is acti-vated [14] . Eriksson et al. (1992) argued that the role of the PDGF receptors in growth stimulation as well as in other cellular processes needs to be clarified by detailed molecular-based information.
The presence of PDGF-AB and TGF-β1 has been demonstrated in various invertebrate and vertebrate immunocytes by immunohistochemical procedures. It has also been reported that PDGF-AB and TGF-β1 from the immunocytes of an invertebrate, the marine mollusc Mytilus galloprovincialis, caused change in cellular shape and induced migration in a chemotactic manner [6, 17] . Furthermore, the presence of PDGF-receptor-α-, -β-and TGF-β-receptorlike molecules on the plasma membranes in the immunocytes of M. galloprovincialis was demonstrated by an immunocytochemical procedure [6, 14, 17] .
Hemocytes play important roles in the tick immune system [12] , while growth factors are similar to multifunctional cytokines in various tissues and cells of vertebrates and invertebrates. Examination of the presence of growth factors and their receptors in hemocytes will help to obtain more information about the tick's immune system and elucidate the functions of tick hemocytes. The aim of this study was to demonstrate the presence of PDGF and TGF-β and their receptor-like molecules in tick hemocytes through immunohistochemical procedures.
Ornithodoros moubata used in this study was obtained from the National Institute of Animal Health (Tsukuba, Japan) and has been maintained in the National Research Center for Protozoan Diseases for several generations by feeding on rabbits [7] . The tick colony was kept in continuous darkness at 27°C and 50-60% relative humidity.
Hemolymph was collected by severing the forelegs at the coxal-trochanteral joint and drawing hemolymph into a glass micropipette from female ticks before and after feed-ing [12, 13] . The collected hemolymph including hemocytes were suspended and fixed with 4% (v/v) paraformaldehyde in PBS including 0.1% (v/v) glutaraldehyde for 1 hr. After centrifugation at 4°C and 2,100 g for 5 min, the supernatant was discarded and PBS was added for washing. The hemocytes were suspended in 5% (w/v) agar solution previously prepared at 40°C, placed on ice for a few minutes, and the agar block then embedded in the OCT compound (Tissue-Tek, Torrance, CA, U.S.A.). The samples were frozen and kept at -80°C. Hemocytes are generally classified into three major types morphologically [8, 12, 15] . Prohemocytes have a large nucleus, look like undifferentiated cells, and are scarce in the hemolymph of adult females. Granulocytes show a spherical form and are filled with many large granules. Plasmatocytes have an irregular shape with processes such as pseudopodia and have many small granules in the cytoplasm. Observations were performed on granulocytes and plasmatocytes.
A goat polyclonal anti-PDGF-AB antibody (Upstate, Lake Placid, NY, U.S.A.), a rabbit polyclonal anti-TGF-β1 antibody (Upstate, Lake Placid, NY, U.S.A.), rabbit polyclonal anti-PDGF receptor-α and -β antibodies (SANTA CRUZ, Santa Cruz, CA, U.S.A.), and a rabbit anti-TGF-β receptor type II antibody (SANTA CRUZ, Santa Cruz, CA, U.S.A.) were used as primary antibodies for an indirect fluorescent antibody test (IFAT). A rabbit anti-goat IgG antibody and a donkey anti-rabbit IgG antibody labeled with Alexa Fluor 680 (Molecular Probes, Eugene, OR, U.S.A.) were applied as secondary antibodies for IFAT.
Frozen sections were cut (approximately 10 µm thick) on a Leica CM3050 cryostat (Wetzlar, Germany), placed on glass slides, and left for 1 hr at room temperature for drying. Sections were placed in PBS for 5 min to wash away the embedding compound, and then covered with 5% (w/v) skim milk in PBS for 30 min at room temperature for blocking. Sections were then incubated with each primary antibody for 2 hr at room temperature, washed with PBS 3 times for 5 min each time, and incubated with each secondary antibody for 2 hr at room temperature. These sections were then washed 3 times with PBS before observations with a Leica TSC NT confocal laser-scanning microscope (Wetzlar, Germany).
The summary of the results of immuno-staining is shown in Table 1 . Reaction against anti-PDGF-AB antibody was mainly found in the granules of the granulocytes (Fig. 1a  and b) ; anti-TGF-β antibody, only throughout the cytoplasm of the plasmatocytes (Fig. 1c and d) ; and anti-PDGF-receptor-α antibody, exclusively near the surface of the plasmatocytes ( Fig. 1e and f ). In addition, PDGF-AB was also found in the plasma of the hemolymph. The presence of PDGF receptor-β and TGF-β receptor type II was not confirmed in tick hemocytes. IFAT of all growth factors and their receptors indicated no differences between hemocytes of unfed and fed ticks. Additionally, the hemolymph plasma also showed a positive reaction against the anti-PDGF-AB antibody. It is not clear whether the antibody that reacted to PDGF-AB-like molecules originated from tick tissues or their hosts because ticks are blood-sucking arthropods and it is known that some host molecules such as immunoglobulins can pass through the tick gut and enter into the hemocoel [7] .
The present study provided evidence that the hemocytes of ticks possess the PDGF-AB-, TGF-βand PDGF-receptor-α-like molecules and a finding that is in agreement with Franchini et al. [6] suggesting that immunocytes from invertebrates and lower and higher vertebrates, including man, show the presence of similar molecules immunoreactive to anti-PDGF-AB and anti-TGF-β1 antibodies. According to Ottaviani et al. [17] , the use of computer-assisted microscopic image analysis demonstrated that PDGF-AB and TGF-β1 induced changes in the cell shape of hemocytes from a marine mollusc. In addition, their data also suggest that PDGF-AB and TGF-β1 are able to change the shape and cell migration as they do in vertebrates, indicating that these phenomena are primitive and have been well conserved during evolution. In order to confirm these conclusions, the mechanisms by which PDGF and TGF-β exert their multifunctional effects need to be clarified, particularly in invertebrates.
The three isoforms of PDGF bind with different affinities to the 2 receptor types, α and β, that are structurally related and endowed with protein-tyrosine kinase domains. Ligand binding induces the activation of receptor kinases by the formation of receptor dimmers. The A subunit of PDGF binds only to α-receptors with high affinity, whereas the B subunit can bind to both α and β receptors [5, 19] . The results of the present study showed that plasmatocytes have PDGF receptor-α-like molecules. PDGF-AB was detected from granulocytes and the plasma of the hemolymph. Additionally, PDGF derived from mammalian hosts may affect hemocytes because many molecules in the blood meal pass through the tick midgut. PDGF stimulates a wide variety of processes, including vasoconstriction, chemotaxis, activation of intracellular enzymes such as glycogen synthase, phosphatidylinositol turnover, Ca 2+ mobilization, rearrangement of the cytoskeleton and stimulation of tyrosine-specific phosphorylation [9] . The chemoattractant property of PDGF may be critical in the repair process as a means of attracting cells to a site of injury prior to stimulating their proliferation. PDGF is also chemotactic for monocytes and neutrophils, cells that do no respond mitogenically to PDGF, and stimulates these cells to release their specific granular contents [18] . TGF-βs have been proposed to affect tissue repair, wound healing, bone formation, and embryonic development [16, 21] . Abnormalities in TGF-β function have been implicated in both immunosuppression and cellular transformation [21] . TGF-β1 is a multifunctional cytokine whose broad spectrum of activities includes many with clinical potential. TGF-β1 is a highly potent growth inhibitor for most epithelial cell types. In recent years, intensive research has focused on the role of growth-stimulating regulators in tissue formation and malignancy. It is now becoming apparent that growth inhibitors play an equally important role in maintaining tissue homeostasis. The uncontrolled growth of cancer cells may be caused by a deficiency in growth inhibition as well as by an excess of growth stimulation [23] . TGF-β1 demonstrated in the tick plasmatocytes but TGF-βreceptor type II was not found in the tick hemocytes by the present immunohistochemical observation. The midgut epithelial cells of ticks are considered to be damaged during digestion and transmission of protozoa because intracellular digestion occurs and protozoa penetrate the midgut. TGF-β may function to repair the midgut. It is not known whether TGF-β1 affects other tick cells or is secreted via a specific organ such as the salivary gland. However, the findings in this study suggest that the TGF-β1-like molecules function in a variety of ways in ticks.
In the present study, two types of growth factor-like molecules and one receptor-like molecule were detected. The detection of multi-functional growth factors in multi-functional tick hemocytes provides very useful information that growth factors are effective molecules in hematophagous ticks as well as mammals. Therefore, additional studies on growth factors in ticks may show that these factors have important unknown functions.
